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The reletionship between physical fitness and performance as 
determined by psychomotor response and psychological state was 
investigated in an experiment using two different physical fitness 
Pee ieee scriecreusiercs, and tairty-two subjects. The subjects 
Peetermdivicied into thremeoroups: two experimental groups, cach partic. 
Mpioueia diiterent exercise pregmams, amd a non-exXercising control 
eroup. 

An indication of an improvement in physical fitness of the two 
experimental groups was matched by an indication of improvement in 
fee homol oi mesponse and a decrease in depree of anxicty, depression, 
and hostility. Of the exercising participants, ninety percent of them 
Gonsidered thcimscivessin better physical and mental condition after the 
nine week program, and ninety-five percent of the cxercising participznis 


Ge pressed a desire to continue with a physical fitness program. 
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Some authorities in the field of physical fitness have professed 

that physically fit individuals are more alert, less subject to illness, 
and generally more productive than unfit individuals. J. Wilmore has 
Peeeompareraa ten week Study of over 75 joggers he found the following: 
"in addition to the purely physical bodily changes, there were subjective 
Memetioms sich as icéling better, sleeping better and actually requiring 
less sleep, and increased cfficicncy in terms of getting work done." 

Dr. Wilmore agreed that the next step in the analysis of the effects of 


physical fitness should be the evaluation of the change in performance 


[wee Cooper iaseconductcd somc widely reported experiments 
relating to physical fitness. He reported, as did Wilmorc, that his 
eeepeereeecicrally felt pctier and worked morc cfficicntly. As onc of 
the participants in Cooper's aerobics program stated [Cooper !970]: 
Beepeteweion, wocks on the conditioning program, I fecl younger, stronger, 
and more alive. And my problems - the ones that looked so big before - 
well, they haven't gone away. But somehow they look smaller." 

ieemrer rescarch, the rcsults of physical conditioning has been 


rclated to quantifiable changes in performance. A series of experiments 


lWilmore, te personal conversation with one of the authors atahe 
Preventive Medicine Centcr, Palo Alto, Calif., November 24, !970. 
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Mae cdevisec to investigate the effect of a burst of violent exercise upon 
the performance of a skilled visual-motor control task [Hamrnerton and 
Tickner 1968]. Groups of subjects were trained to perform an acquisi- 
tion task of (a) moderate difficulty and (b) great difficulty. It was found 
that, after a 400 second burst of activity at a rate of approximately 0. 14 
horsepower, subjects at an ordinary level of physical fitness showed no 
decrement on task (a) but a marked decrement on task (b). This situation 
Se maese fered to a case where an aircraft crew is called to launch in 
ememacdem cinicr gency, and the crew members must proceed some distance 
Pema pace 10 reach the aircraft. Such an incidence would require 
bursts of violent activity and the effects of such activity could cause a 
Se710uS de@@radation imthe performance of skilled tasks. 

The evidence regardinyp lhe cifecis of physical fitness on performance, 
Mewvever, 16: not yet conclusive. The purpose of this research was to 
obtain additional evidence by investigating the relationship between an 
individual's state of physical fitness and his psychomotor response and 
psychological state. Psychomotor response refers to muscular actions 
wach Gmswe directly froma mental process. Here, psychological state 
Petetosto an meadividual's degree of anxicty, hostility, and depression. 

ee 

Two different physical fitness training programs were used: 

(1) Jogging, and (2) Bicycling. Both are aerobic type exercises. Aecrobic 
exercise is the term used here to describe exercise that stimulates heart 


and lung activity for a time period sufficiently long to produce beneficial 


changes in the body [Cooper 1970]. Running, swirnming, cycli g, and 





fee are typical acrobic exerciscs while there are many others. 

They all have one thing in common: they make the body consume large 
amounts of oxygen by making it work hard. The usual] objective of an 
@ePoule exercise prograin is to increase the amount of oxygen that the 
body can process within a given time. It depends on the lungs, the heart, 
ema the yVeseular system. Acrobic capacity reflects the condition of 
these vital organs. Acrobic capacity is considered by some authoritics 
to be the best index of overall physical fitness [Cooper 1970]. 

In Cooper's experiments to determine physical fitness, exhaled air 
was collected through a one-way valve from test subjects who were run- 
ning ona treadmill. This air was analyzed to determine the maximum 
rate at which oxygen was used by the subjects' bodics during their ex- 
Peer ipeewerl. ilwerrate (micasured in milliliters per kilogrem of 
total body weight per minute) is a mcasure of an individual's aerobic 
Seeclly and in the remainder of this stucly will be referred to as 
Maximal Oxygen Uptake (MOU). Because of equipment limitations, a 
less accurate method for determining MOU than that described above 
was used in this study. 

R. J. Shephard [Shephard 1966] commented that the performance of 
Pee eerrc task can irequently be improved by exercise which is general 
and unrelated to the task. H is also worthy of note that in his work, the 
pulse reading ona bicycle ergometer after five minutes of vigorous 
Sree Sem eee oicidercd to be the best index of physical fitness. Because 


of this recommendation and its adaptability to this experiment, the five 
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od as the indzx of physical fitness from 








Il, EXPERIMENT 


ee ee ee ee 


Pee er rPARATUS 

In order to measure physical fitness and performance the following 
testimemed) pinémiaggas used: 

1, Physical Fitness Testing Equipment 

Pestaionaryssreycle €rgometer with the commercial name of 
ie Ceyee ead tO measure the subject's physical fitness and to 
ome teee et eenor Goncai1oMine £0, one of the physical fitness programs. 
ee oe oe eossessed an electronic systern thet 
Deaeete woe pe tianrywOr measuring Gaeruser's pulse rate in heart beats per 
Poemoutte.) tne wcorvank Tevolugons per iinut@ol the bicycle, and the enercy 
Speenccady tiemcer in calorics per hour. The systcim also allowed 
Preruser 10 Sselcct 2 preprogrammed twelve minute variable load course 
which simulated hills, valleys, and level terrain. This simulation wes 
Pomrolled by preset variations inthe brake resistance. The load tevel 
setting on the bike could also be changed so that the preprogrammed 
Sourse could be varied in difficulty. 

Piietemeate Was Micasured by tie heart rate meter on the ergo- 
meter. The heart rate meter used a sensor which consisted of an earclip 
with a miniature light bulb on one side of the earclip and a photoce}l on 
the other side. When the carclip was attached to the car lobe, light 


Passe ot roucn the car lobe and the photocell sensed the changes in 





Eteae 


Electrically Operated 
Variable Load Lifecycle 
Ergometer 





light transmission which occurred between each heartbeat. Each time 
the heart beat (systole), fresh blood, which is very red, passed into 
the ear lobe. During the heart resting period (diastole), oxygen was 
removed from the blood cells which gave the blood a slight blue color. 
This difference in color caused a change in the light transmitted by the 
ear lobe which enabled measurement of the pulse rate. 
2. Psychomotor Response Testing Equipment 

The psychomotor test devised by the experimenters utilized 
basically the same equipment as that which has been described elsewhere 
[Poock 1967]. The following items were included in this equipment: a 
counter timer; an oscillator; a tape reader; a small three inch by two 
inch screen on which the numbers 1, 2, 3, and 4 were generated by the 


tape reader; and a console on which the subject responded by pushing 
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one of four buttons, each button corresponding to one of the four numbers 
presented. Pressing the button corresponding to the number presented 
extinguished that number from the screen. A picture of this equipment 


is shown in Figure 2. 





Fig. 2 


Psychomotor Testing Apparatus 


B. EXPERIMENTAL SUBJECTS 

Approximately 1200 circulars were distributed to students at the 
U. S. Naval Postgraduate School requesting volunteers for the experi- 
ment. From the 1200 contacted, approximately sixty students indicated 
that they would be willing to participate. These volunteers were then 
contacted and asked whether they desired to be placed ina bicycle riding 
program, a jogging program, or a non-exercising program. This latter 


group was used as a control group for the psychomotor and psychological 


1] 








Meera. Phe non-cexcrcisers had to be willing to take approximately one 
hours worth of tests before and after the exercise program and also 
mieree not to participate in any physical fitness program until the termina- 
tem Of the study. 

oe ee eed 

From the sixty volunteers for the program, thirty-two were 
actually selected to participate in the program. Some criteria for 
choosing the participants were: 

a. no recent participation in physical fitness programs, 

by memisece Olny Planned™"datly excercise, 

c. medical fitness, 

d. apparent enthusiasm for the program. 

The tiwst two criteria were chosen to incréase the chance that 
a subject would improve his state of physical fitness. It was the desire 
of the experimenters to have individuals who were not in peak physical 
condition iniprove their condition and then measure certain psychomotor 
ame sy chological parameters in order to determine their relation, if 
Paeeeuo tie improvement in physical fitness. 

The third criterion was chosen to reduce the possibility of 
harm toa participant. As all of the participants had not previously 
engaged in exercise ona regular basis, this was of prime concern. All 
potential participants! medical records were reviewed by the Medical 
Staff at the Naval Auxiliary Landing Field in Monterey, California. Any 
subjects who were in questionable health personally consulted witha 


physician prior to participation in an excrcise program. 
2 








Bainusiasm was chosen as a criterion in order to reduce the 
mumber of drop-outs. Because of time constraints and the extensive 
time allotted to testing each individual, it was felt only a maximum of 
thirty-five individuals could be accornmodated in the prograin. Assuming 
that the potential drop-out was initially likely to be less enthusiastic about 
the program, it was hoped that, by using this criterion, the reduction in 
S-taple size due to drop-outs would be minimized. 

The ages of the participants in the experiment varied from 24 to 
33, with the average being approximately 28-1/2. This is probably slightly 
younger than the mean age of the students at the Naval Postgraduate 
School, most of whom are in the 27-35 year range. 

Prem the thirty-m@vo sclect@@s, twelec were placed m the experi- 
imental group which exercised five days per week on the exgometer, 
eevee were placed in the experimental group which jogged five days per 
Meer) and cight were placed in-the control group. One reasonfor estub- 
lishing a control group was to determine if a learning effect existed with 


respect to the psychomotor and psychological tests. 


fee SCRIPTION OF PHYSICAL FITNESS PROGRAMS 

Both the cycling and jogging prograks were nine weeks in length. 
This was not considered the ideal length for either program, but because 
all participants were students, and at the end of the ninth week of the 
program these students had one week of final examinations and a two-week 


Veet Omri cecined necessary to condense the programs as the 
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subjects had httle desire to participate in a physical fitness program 
during the examination week or during the subsequent two-week vacation. 
Ideally, a twelve to sixteen week program would be recommended. 
However, it was felt a nine-week prograrn was preferable to twelve or 
sixtcen weeks with a three-week layoff in the middle of the program. 

The ergometer program was initially devcloped with the assistance 
See cre ete Astrand and Irma Astrand for Lifecycle, Inc., of Concord, 
California, and the jogging program was an accelerated modification of 
Kenneth Cooper's program [Cooper 1970}. Descriptions of both the 
ergometer program and the jogging program follow: 

Vege oaetotr Program 

I7eriwetanis rode the erpometcr over the pre-programmed 
weeiwe minute Course Once Cvery workday, live days per week. On iise 
basis of medical advice subjects started at a load level at which they 
would not continually exceed a pulse rate of 160. As the subject becaine 
merometet: at a particular levei and could complete thc twelve minute 
course without exceeding a pulse rate of 160, the load level was increased. 
Increasing the load level in this way allowed for maximum cardio- 
vascular stimulation with a minimum potential for heart damage. 

Ten load levels are available with the ergometer. These load 
levels are Gesignated load level 10 through load level 100. As the Joad 
level increases, pedaling the ergometer becomes more difficult. The 
numer tcalamerease in load lewel is proportional to the degree ofsdif- 


ficulty in pedaling (i.e., two times as many foot-lbs. per minuic input 
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fommemer Orietcr are required to maintain 60 r.p.m. at load level 100 
eiseat load Weve! 50). 

AtwWwarious time intervals during the daily twelve minutc 
exercise period, the subject recorded his pulse rate on pre-printed 
forms. These forms were maintained by the individual participant and 
collected weekly by the cxperimenters throughout the nine weck program. 
Peepers inannmer, the experimenters could monitor the subject's progress 
and also insure the subject was, indeed, participating in the program on 
a daily basis. 

During the course of the nine week program, three subjects 
Eropoed oui. One left the School], a second stopped for medical reasons, 
and a third cited a heavy academic Joad. Thus, nine of the original 
Pyelyc Subjects compietcd the program. 

2. Jogging Program 

The jogging program also commenced with initially twelve 
participants. Two jogging courses were established on paths and roads 
Siime grounds of the U. S&S. Naval Postoeradtiat® School. The first course 
frmlized was a 1.3 milc coursc amid the seeond courscwtilamed was a 2.0 
mle course. Both courses were over relatively flat terrain. Stakes 
were placed in the ground at quarter-mile intcrvals along both courses. 

Papel curving the first week, subjects jogged a quarter-inile 
and then walked a quarter-mile in order to get their bodies acclimated 
to excrcise and to insure no occurrences of physical problems due to the 


rere vgetous excercise, Also, during the first week, the cxpcfimenters 
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accompanied the subjects around the course to acquaint the subjects 
with the course and to boost any sagging morale. 

#iiter the completion of the first weck, the program accelerated 
ata faster pace. Objectives were established in the form of times to 
complete one of the courses, and the participants were encouraged to 
ateempt to meet the objectives by the end of a prescribed weck. All 
Peete pameamvere able tO meet these preset objectives and, in many 
cases, the participant was able to perform significantly better than the 
Stated objective. Tne following is a table of the objectives, by weck, 


that were established: 


ee is | = ie eGinG Ober eseDURING NINE WEEK PROGRAM 


WEEK Gi ELV E 


Cs aennRaananeEETnTERnannennnnieSaEieeenamae 
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i Walk/Jog 1.3 mile course as desired. 
Nomi. Objecetive established, 


a less lecmne less than. 13 minutes. 
5 13 miiteewin less than 10.5 minutes, : 
6 ZeOsrtes on loss than 18 nminules. 


9 2 Ome. in less than 16 niinutes. 


Participants were encouraged te jog, at a minimum, four days 
Per week. Upon comp!iction ofathe daily exercise, the subject checked 
his name off on a roster and recorded his time and length of run. Sub- 
(eGtel Wwe nena cecompenred by the experimenters other than during tie 
first week. The participants werc, however, encouraged to accompany 


Co yenmmotmer around the Course in order to maintain cach other's ‘orale. 





During the course of the nine-week program, two of the original 
twelve joggers dropped from the program. One dropout was due to medi- 
cal reasons and the other stated that he felt that the jogging program and 


emaeavy acadeinic load were not compatible. 


fr bo SING PROCEDURES 
iPeowenOmotLor Response Jest 

Pempeevtously tmientioned, the test utilized tc measure psycho.- 
motor performance involved a screen on which the numbers 1, 2, 3, 
emce+ were penerated and four buttons which corresponded to the four 
numbers. 

The subject was scated at a table with only the console and 
sereen in front of him. The subject placed the index and middie finger 
of his left hand on the two buttons on the left, and the index and niiddle 
finger of the right hand on the two buttons on the right. A number was 
peesented o11 the screen every two seconds by the tape reader. These 
numbers had been originally obtained from a random number table and 
then placed on the tape used by the tape reader. The subject responded 
Peepushing the button corresponding to the number on the screen in order 
[Ome mPuish tre number. The time the numbcr was on the screen was 
Poe aye1.c., the tin@e for the subject to respond correctly, and tiven 
cunmlated. An assumption in the development of this test was that the 
subject would respond in less than two seconds to each number presented. 


This was necessary as after two seconds the subsequent number was 
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always presented. Dservation by the experimenters confirmed the 
assumption; thatis, it was a very rare occurrence when a subject took 
Seer Onevand Onc-half seconds to respond correctly. After every fifty 
numbers, the cumulative response time was recorded and the timer 
was reset to zero. A total of 750 numbers were presented toa subject 
during a test. The subject was gpivena practice run of approximately 
Bereretive mm bers prior to starting the actual test. 

Peer psychomeavor response test described above measures the 
response time of the subject in making two bit decisions when his capac- 
My for processing informations Wot exceeded. From information theory, 
one bit decisions are defined as the amount of information that one necds 
to make a decision between two cqually likely alternatives. Two bits of 
information provides sufficient information to make a decision between 
tour equally hkely alternatives. The number of bits of information is 
determined by taking the log to the base 2 of the number of equally likely 
alternatives. 

A wtest Walizinee7#5O numbers wale selected by the experimenters 
as it was felt that if there was to be a decrease in performance due to 
P@em@eemeiatigue it would occur prior to the presentation of more than 
600 numbers, or about twenty minutes into the test. Thus, it was hoped, 
a decrement function would appear due to mental fatigue. Thatis, 1 
was hoped that the subject's response time for each fifty numbers would 
Metewectamoe test procecded. Itavas the initial hypothesis of the 


experimenters that, if the subject was in better physical condition, his 
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response time would be more likely to remain constant. The psycho- 
motor performance test was given to each subject in the crgometer, 
ieee eg, and conirol groups both before the physical conditioning pro- 
gram commenced and after completion of the program. 

Unfortunately this test provided no precise manner in which to 
measure false alarms (responding to a number other than the number 
meeeenred Omine screen). Close observation of the subject's fingers by 
fewesperimenters, however, resulted in the subjective conclusion that 
faisee alarins Occur infregqucntly but uniformly throughout the 750 numbers. 
meievolc, if jaise alarms occurred, this would be reffected by a cor- 
responding increase in response time. 

2. Psychological Testing 

The psychological test utilized was the Muitiple Affect Adjective 
Simeelo bist (Appendix A). Affect may be defined as the psychological 
aspects of emotion, or the emotional response which is assessed by 
means of verbal reports. Most psychological] measures tend to evaluate 
affect as a trait rather than a state [Zuckerman 1965]. The MAACL, 
however, attempts to measure the state, as measuring the state specifies 
the time referent (e.g., now, last week). 

¢ 

The MAACL is a self-administered test which provides measures 
Gigem@mee of the clinically relevant megative affects: anxiety, depression, 
and hostility. Two types of the test are available, the "today" form and 
the "gencral'' form. In the ''today'' form the subject responds positively 


OF megalively to a series of adjectives describing how he has fe] today 
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may and in the 'pencral” form the subject responds to how he has felt 
maesorme Specified time frame in the past. In this experiment, the sub- 
ject was asked to respond to how he had felt during the past week. 

Most words appearing on the check list were direct indicators 
of the affective state. The remaining words, however, had no relation- 
ship to the affective state. The process by which words were selected 
to appear on the check list is discussed fully by Zuckerman [Zuckerman 
1960}. 

The scoring of the tests was based on the subject's response to 
@eretain words and lack of response to other words. These key words 
are shown in Appendix B, as well as the specific scoring procedures 
well weed . 

Paewver. Ci hes not been investigabed suificigntiy to Chee the 
Pee scOlrcs Obtained from the tests to a specific degree of clinical 
affect [Zuckerman 1965]. However, normative data has been collected 
on many groups. The data on the group most nearly approximating the 
male naval officers used in this experiment, that being male college 
students, 1s presented in the table below. 


eee tee DA PA COLLECTED FROM 
Bere Ou MALE COLLEGY STUDENTS 


Mean Mean nel Diepres s20n Hos tility 
Age Education Mcan S.D. Meane o. DD. Mean _98.D. 
My ie 4 Oe oye: 14.7 7.4 ore 4.0 
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For use inthis cxperiment, the MAACL was given to all sub- 
fers botmberore the physical training program commenced and after 
its eclemon. 

Sane clisieateratness Testing 

The physical fitness test consisted of riding the ergometer for 
five minutes througha "test'’ course and reading the subject's pulse 
merpepon completion of the five minutes of excrcise. Then, by taking 
the subject's weight in kilograms, load level] of the ergomcter, age, and 
pulse rate into account, a physical fitness index was established. This 
index was maximal] oxygen uptake (MOU), a measure of the amount of 
oxygen the body uses during physical excercise and whose units are 
Pmiwiniters Of Oxygen per kilogram of total body weight per minute. 

Miiebrs rescarch, Cooper has deveiuped the fo 
See oOrics 10T Inalic Supiects 30 years of age, the subject's category 
being determined by his maximal oxygen uptake. These categories 


are shown in the following tablc. 


TABLE lll .- FITNESS CATEGORIZATION BY MOU 


Fitness Category MOU(M1/Kg/Min) 
Very OO less than 25.0 
Foor ais l0 = oe | 
Fair Oe Aegis he 
Good 30.2 -= 43, 0 
excellent 48.1 plus | 
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(emp hyocreal fitmess test was administered to all subjects in 
the two experimental groups prior to commencement of the training 
program and after completion. A load level of sixty was used on the 
Creometer for most of the testing. In cases where the load level of 
sixty caused a sustained pulse rate over 160, a lesser load level was 


used. 
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ii RESULTS 


The results of the experiment are presentcd through the use of 
five separate tables. There is a table of physical fitness test results 
expressed in terms of maximal oxygen uptake, psychomotor response 
test results in terms of mcan cumulative response timc, and the MAACL 
test resulis in terms of three test scores which relate to the degree of 
anxiety, depression, and hostility. In each table the following valucs 
eieeeesy. the rmean valuc and the standard deviation before and aiter 
physical training of the quantity being investigated, the difference 
between these bcfore and after means, the ''t'' value froma "'t'' test fox 
Beeerticance between the hefore and after means, and the level] of sagnif - 
teeece Of the ''t'' valic. 

Peeuilvool thewpiysical fitness test were only obtained from the 
bicycling and jogging groups since the coritrol group did not participate 
in this phasc of the testing. These results are shown in Table IV. 


eee eo > OF EXPERIMENTAL GROUPS 
Poe ol TER PHYSICAL TRAINING 


BEFORE pe Dien. (gD VaBIe 
MEAN _ MEAN IN OF 
@20UP N MOU  seD. MOU S.D. MEAN  t Sion 
Bicycle 9 32.00 3.93 38.44 4.81 46.44 3.123 .0604 
Jogging 10 35.60 5.02 iesom 5,13 wets. 80 2.547 “Hee 
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The results of the experiment are presented through the use of 
five separate tables. There is a table of physical] fitness test results 
expressed in terms of maximal oxygen uptake, psychomotor response 
test results in terms of mean cumulative response time, and the MAACL 
test results in terms of three test scores which relate to the degree of 
anxiety, depression, and hostility. In each table the following values 
appear: the rmean value and the standard deviation before and after 
physical training of the quantity being investigated, the difference 


between these before and after means, the ''t'' value froma ''t"' test for 


—— 


Siieetiicance botm cen tlhesefore andafter nmaeamm, and the lewel wf siemnf - 
leamec Or the 't' valiuic. 

Results of thesphysical fitness test were only obtained from the 
bicycling and jogging groups since the cortrol group did not participate 
in this phase of the testing. These results are shown in Tete IV. 


Peek ew > Ol xX PrERiMEN PAL GROUPS 
BaP eht eae pe dyYolCAL TRAINING 








BEFORE AFTER DIFF. Par L 
MEAN MEAN IN OF 
GROUP N MOU  S.D. MOU S.D. MEAN t SiGe 
Bicycle 9 32.00 3.93 38.44 4.81 46.44 3.123 .004 
Jogging 10 35.60 5.02 41.40 5.13 45.80 2.547 .0102 
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In Gvaluating the psyenomotor response test, mcan cumulative 
response time for fifly responses 1s the quantity investigated. Results 
are shown in TABLE V for the experimental and control groups. 


fbi V 2 Vee ewer ONSE TIMES OF EXPERIMENTAL 
Po CONTROL GROUPS BE TORE AND ATER PHYSICAL TRABNING 








BEFORE AFTER 
MEAN MEAN DIFF. Liv ee 
RESPONSE RESPONSE IN OF 
GROUP N _ TIME S.D. TIME S.D. MEAN tt  _ SIG. 
Bicycle 9 35.36 Bee oy Be oe Om 5 12 ao 
Jogging 10 33.70 2.54 28. 87 2.86 .4.83 .065 .0005 
Control 8 32.90 2.11 30.05 2.82 .2.85 2.289 018 


ier Multiplow sec! wevective Greer lListeyielded three scores --a 
The results of testing in these threc phases is presented in TABLES VJ, 
Vil, and Vili for both the experimental and control groups. The mean 
scores listed are the means of the raw data scores utilizing the scoring 
Syouemeclaborated om im ippendix B. No attempt was made to equate tic 
Pawedete SCOPCS LO any percentile ratings»or clinical evaluations. 


eee | - oe RIE PY Peace OF MAACL FOR EXPERIMENTAL 
a De ee@N TROL CROUPS BEFORE AND AFTER PHYSICAL TRAM@NG 





BEFORE wee Tae 
MEAN MEAN DIFF. LEVEL 
ANXIETY ANXIETY IN OF 
CUOupe: N SOs ois oA) SCORE S.D. MEANS t _ SIG. 
Bicycle 9 Giese 3.74 Gaeta ba b6 snGh, Odea Ne 
Jogging 10 4.60 A,1] 4.70 2.98 +.10 .018 >.10 
Control 8 je Soe 6.25 2.86 +. SO eee erate) 
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Poe, Vil -- DEPRe te) Pree OF MAACL FOR EXPERIMENTAL 
memecOnmt ROL GROUP. berPOre AND AFTER PHYSICAL TRAINING 








BEFORE POOR 
MEAN MEAN Dimer. ine 
DEPRESS. DEPRESS. IN OF 
GeeuP N SCORE ls up. SCORE S.D. MEANS ¢t _ SIG. 
Bicycle g 11.44 5.9] hae) ca? tlle ele >. 10 
Jogging 10 L286 0 4.96 8.8] ee eG are VUE 
Control 8 14.75 5.79 15.25 5.45 + ..5 ce ale) 


ie Vilis=sOsTlEryyY PHASE OF MAACL FOR EXPERIMENTAL 
Pee CONTROL GROUPS BEFORE AND AFTER PHYSICAL TRAINING 


BEFORE FTE IRD 
MEAN MEAN DIFF. 1p Vague 
FiOosn OL TY FOS aeier y IN OF 
GROUP N SCORE oD. aeons S.D. MEANS ¢ SIG. 
Bicycle 9 MOE S38 Sigel 5.78 5.39 3.55 (253° Se 
Jogging 10 10.00 Aa 10. 40 A664 +220" Taloo ae 
Control 8 Paras 3.69 11. 88 2.4 sa ee) ene 


At the termination of the physical training program, the participants 
in the two experimental groups were asked to complete a questionnaire 
ecncerning 4ieir impressions of the program in which they had participated, 
ama, piysical filmess in penecral. It was the purpose of this questionnaire 
to supplement the quantitative data collected by the psychological and 
psychomotor tests. A summary of the responses is presented below: 

1. Of the nineteen subjects in the two experimental groups, 
SCVemlLCen Starca tiicy impended to continue in a vigorous exercise 


Progirain, Something they had not been doing prior to this expeéfiment. 
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2. Eighteen participants commented that they "felt more physically 
ie. 

Gree eV en Participamtemcarmmented that they felt daily exercise had 
Sentriputed to a ''fceling of inner well-being". 

eo oteeparticlpants cOrmmacmecdminat they felt that daily exercise 
Mage inecreascd tiveir self csteem”. 

5. Four participants commented that they felt that excercising daily 
had "improved their family relationships”. 

6. Two participants coramented that they felt that daily exercise 


baae reduced their personal conflicts"’. 





[Gea olON OF RES ULES 


The statistical evidence of the effects of physical fitness was based 
@n a2 brief period of physical exercise and on a small sample size and, 
hence, the results were not conclusive. However, the results were 
suggestive. Both the bicycle riders and the joggers appeared to improve 
their physical and mental condition. It was interesting to note that the 
Pievele CLUPOlInecter exercise program seemed to be as eff€ctive a condition- 
maewprOPtain as the jogging program. The fact that the bicycle riders 
pemleved a freater average increase in physical fitness than did the 
ieee rs Imrent be attributed to the fact that the bicycie riders were more 
@oMmiitiomeqto tlic bieyele erpometcr atthe time of the final testing. 

The MOU indicator of physical fitness when compared with Cooper's 
physical fitness categorics showed that all exercising participants 
incmeased their filness category to at least the Fair catcgory, and the 
majority of cases to the Good category. 

With both “experimental proups, the decrease in response time for 
the psychomotor response test was statistically Significant. However, 
it must also be pointed out that the mcan reaction times of the control 
group also decreased, although the change was not as statistically 
significant as for the experimental groups. This indicated that although 
the psychomotor response test and the interval betwecn testing were 


designed to minimize any learning effect, such an effect might be present. 
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It was interesting to note that there was no consistent reaction tirne 
increase or decrease during the thirty minute psychomotor testing 
response period. Priorsto commencing the study, it was theorized that 
an individual's reaction time for the first few groups of fifty numbers 
would be relatively high until he adjusted to the test. His response time 
for the next few groups of numbers would then decrease until he became 
bored or saturated with the task. At that time, it was felt that his 
meeetiONM time would then start to increase for the remainder ofthe test. 
This, however, was not observed, and, as a result, the decision was 
Meee tO usc a single mGam response time for fifty numbers in the statis - 
tical analysis. 

It was felt by the experimenuter's that the subjects employed were 
in a stress situation that was probably not uniform throughout the pro- 
etaim, end Minis Wweme the case it could Have led to some qwestienable 
nesmltsmin tnespeycholopicaletests utilized. That is, the subjeetsewere 
ive) vemested, prior to starting the exercise program, early in the 
SeoGgemiic QUarter, Six to twelve weeks prior to having any mid@eérm or 
Diialee-anoinatrons. “The finaltests, aiter the completion of the exercise 
program, were conducted just prior to final cxaminations which is a 

t 
filme at whieh it might be expected that the subjects would be in a higher 
et CSoee tterane tO tcacdemic pressures. With this in mind, it is interest- 
ing to note that, in all but two cases, the scores for the two experimental 
groups on the hostility, depression, and anxiety phases decreascd, 


which indicated less hostility, less depression, and less anxiet,, while 





the control group scores increased inall cases. Although the exper- 
imenters do not feel these results were "statistically significant", they 
fee cot that the excrcisine Subjects were, rclative to the non-exercisers, 
fessea@mxious, less depressed, and less hostile after completion of the 
physical fitness program. A larger sample size would have been 
desirable in order to possibly have had a more conclusive result. 

The decision to employ students ''t'' tests for the statistical analysis 
of the MOU's and mean response times was based on the assumption that 
the underlying populations were normally distributed. The prescribed 
testing procedures for the MAACL psychological test endorsed the use 
of "t'"' tests for statistical analysis. A plot of the MOU's on normal 
probability paper did not suggest that the MOU's were not nermally 
eget ribuced. 

The experimenters were quite cncouraged by the subjects! response 
to the entire program as evidenced by the subjective results gained from 
the questionnaire given to the subjects at the completion of the program. 
With two exceptions, all participants appeared to fecl that a physical 
fitness program was worthwhile and that they themselves intended to 


pursue a vigorous physical fitness program in the future. 
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Ve. RECOMMENDATIONS 


This study is considered to have important implications for the Navy. 
Jf is therefore recommended that this study be continued and expanded to 
myelmae longer exercise programs, noe accurate testing techniques, 
more subjects, and alternate exercise programs. 

As mentioned above, the exercise programs should probably be 
between 12 and 16 weeks in length in order to yield statistically signif- 
icant results. Initial and final testing should be conducted at the same: 
Pameroi ine academic quarter or training environment so that individuals 


would be approximately under the same external pressures for both 


(A 
iD 
a 
oa 
Dd 
iL 
O 
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fee | Pewectime techmanes coum besigmproved, particulariy 
in the case of the psychomotor response test where the minimum interval 
between the numbers presented to the subject was two seconds due to 
mechanical] limitations in the tape reader. Since the responses to 
individual numbers averaged less than .65 sec, a time interval of one 
sec between numbers would puta greater demand on the subject and 
most probably produce more statistically significant results. With 
more sophisticated testing equipment it would be possible to record 
false alarms (incorrect responses) as well as correct responses. 
MoatVemencise PYOPrams are currently available to someone 
seeking physical fitness. Only two programs were tested in this study 


due to the time available. An interesting exercise technique that might 
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be tested in the future is that used in the Exergency program. The 
Exergeny is a spring tension device which meawires very little space 

to use and is adaptable to numerous different exercises, the combined 
program providing exercise for many parts of the body in approximately 


18 minutes per day. 


oe 





ew eC NAB cs 


mige-roOllowing 1S tie Iiultiple Atiect Adjective Check List given to 
all subjects in both the exercise and control groups before commencing 
and after completion of the physical fitness program: Below you will 
find words which describe different kinds of moods and feelings. Check 
the words which describe how you have felt during the past week, from 
Bn. until now. Some of the words may sound 


alike, but we want you to check all the words that describe your feelirgs 


during the past week. Work rapidly. 





eer eClive 14. awful Cy _.. peeopenainve 

a adventurous 15. ____sibashiul £32). 2 CMe! 

oe et eectronate 1/6). 0 ae enltsliteel 29. fenose 

4. _atraid ie 2 eee 30. eee 

5. _afitated igs. _—sibored 31. __—_— daring 

ee meacrceable 19, calm S22) erlecperar 

7.  _—_ aggressive a0 e ____ cautious 23. sss dest rower 

oy ee alive 21 Ckeeminl oan) po clewercd 

oy ee one Ca el cant 35. —_— disagreeable 
10. amiable 23. = €Omiplaingaee, 36 _—s discontented 
ll, amused a4, _. _eentemped 37. __—s—« discouraged 
12, _—_s angry CD. | Sepcontrar, 38. _—_—s disgusted 
ro  eeioyed 26. (5 wecool 39. _—sdispleased 
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40), ener geric 
ee Cana ocd 


ae. enthusiastic 


ao, fearful 
44, fine 
AD. Eat 


ee 


46, forlorn 
47. _ frank 
48. free 


49. friendly 


90.  _ frightened 
51. si furrious 
52. gay 

. Semple 


oo nr :2 200 

95. gloomy 

oo good 

27. ———« good-natured 
58. grim 

59. —_sihappy 

60. __—_sihealthy 

61. _—_—s+ihopeless 

62. _ hostile 


bs: impatient 


G4, 
oD. 
66, 
© Te 
68, 
See 
0 
es 
Ue 
(oe 


‘ce 


ce 
Oo» 
e 


Te. 


eo. 


1 SK 


oul. 


ole 


ree 


os. 


84, 


85. 


86. 


ov. 


incensed 
indignant 
PHS pied 
interested 
irritated 
_jealous 
joyful 
kindly 


lonely 


lost 


_loving 
low 
iucky 
mad 
mean 
meek 
merry 
mild 
miserable 
nervous 
obliging 
offended 
outraged 


panicky 
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88. 
oy. 
90 
91. 
92. 
Se. 
94. 
von 
96. 


Ole 


Dene 
nOZ. 
Gee 
104. 
ic lew 
le Ohoge 
Ce 
mere 
NO: 


nee 


patient 
peaceful 
pleased 
pleasant 
polite 
powerful 
Ginet 
reckleac 
Trejcered 
rough 
sad 

safe 
satisiied 


SCC: 


shaky 


shy 


soothed 
steady 
stubborn 
Sto tian 
StiOm 
suffering 
sullen 


sunile 





eZ. Sympathetic 





113. ‘tame 

owe bender 
mS. tense 

MG peeterrible 
a oe ven risied 
Wie. thoughttul 
ee eeeetaid 

120. ___—_—itormented 
Iz]. understanding 
lee. unhappy 
123. __sunsociable 
124, ———_supset 

125. _——_—ivexed 

ZG rr 

127, _——_—iwhodie 

Varo wild 

ie oO: willful 
130.  ——_—siwiilted 

to) eee Orrying 
oe. young 
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APPENDS = 


This Appendix describes the scoring and lists the key words utilized 
in the Multiple Affect Adjective Check List. The scoring of the tests was 
based on the subject's response to certain words and lack of response to 
other words. The words are placed in plus columns or minus columns. 
A subject's checking of a word in the plus column tends to indicate that 
he is ina state of anxiety, depression, or hostility, while checking a 
word in the minus column tends to indicate a lack of anxiety, depression, 


or hostility. These key words are shown below. 





Anxicty Depression 
Plus Minus Plus Minus 
afraid calm alone MG) 
desperate cheerful awful alive 
fearful contented blue Clea 
frightened happy G@estiroyed enthusiastic 
nervous joyful discouraged Pate 
panicky loving ee Keene igs 
shaky pleasant gloomy free 
tense secure hopeless gay 
poured steady lonely glad 
upset thoughtful lost good 
worrying low healthy 
miserable ele qoyumets: 
Prejeeucd interested 
sad lucky 
suffering MicLiy 
sunk peaceim 
terre ay ie. safe 
tormented strong 
unhappy whole 
wilted young 





Hostility 





EAs Minus 

angry apeecaple 
Ditrer amiable 
enue! cooperative 
disagreeable friendly 

dws contented good-natured 
disgusted kindly 
ennemed polite 
furious sympathetic 
irritated tame 

mad Ccndien 

mean understanding 
offended willful 
outraged warm 
stormy devoted 
unsociable 

NEES 


To obtain the raw score for the test add the number of words not 
ehechk@e on the minus list tothe number w@ravords that are ehncelsed on 


the plus list. 
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13 ABSTRACT 


The relationship between physical fitness and performance, as determined 
by psychomotor response and psychological state was investigated in an experiment 
using two different physical fitness programs, a series of tests, and thirty-two 
subjects. The subjects were divided into three groups: two experimental groups, 
each participating in different exercise programs, and a non-exercising control 
group. 

An indication of an improvement in physical fitness of the two experimental 
- groups was matched by an indication of improvement in psychomotor response 

and a decrease in degree of anxiety, depressiox, and hostility. Of the exercising 
participants, ninety percent of them considered themselves in better physical and 
| 





mental condition after the nine week program, and ninety-five percent of the 
exercising participants expressed a desire to continue with a physical fitness 
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